(EC 9 o) mycelial inhibition (Y) were ABSTRACT examined by analysis of variance.
vineyards and greenhouses after exposure to the fungicides alone or mixed with captan. Plant using the Student-Newman-Keuls multiple Disease 70: 398-402. range test.
A discriminatory concentration of Benomyl-resistant Botrytis cinerea was found in southern Ontario vineyards after seven or fewer i prodione at 10 mg/L was used in 1980 in applications of benomyl. B. cinerea with low-level resistance to iprodione (EC 5 0 = 2-4 mg/ L) was apreimna at tem pt to intify detected in vineyards after 10 or more applications of iprodione or vinclozolin over 4 yr. Iprodione a preliminary attempt to iden resistance was detected in greenhouses after use of iprodione for 5 yr. In vineyards, captan used in iprodione-resistant B. cinerea in vineyards. mixtures with either benomyl or iprodione for 1 yr gave protection against Botrytis bunch rot of For the 1983-1984 surveys and vineyard grapes, but it did not prevent an increase in the incidence of B. cinerea resistant to benomyl or experiment, however, iprodione at 2 iprodione, respectively. mg/ L was considered more appropriate on the basis of our prior characterization Additional key words: benzimidazole, bunch rot, dicarboximide, gray mold, Vitis vinifera of local sensitive and imported cultures with low-level resistance to iprodione. Vineyard and greenhouse surveys. In September and October 1979, nine Populations of Botrytis cinerea Pers. rated into sterile, molten PDA at 50 C vineyards planted mainly with Vitis resistant to benzimidazole and dicarand immediately dispensed as 20-ml viniera L. 'Chardonnay,'Johannisberg boximide fungicides developed rapidly aliquots into 100-mm-diameter polyRiesling,' and 'Pinot Noir' ('Gamay after their commercial introduction (2,5). styrene petri dishes. Beaujolais') were surveyed, and 12
Several mathematical models have been The mycelial growth responses toward bunches severely affected by Botrytis advanced indicating that the mixture of iprodione of five monoconidial cultures bunch rot were sampled from each two fungicides with different modes of of B. cinerea from Ontario, Canada, were vineyard. Cultures of B. cinerea were action should delay the development of compared with those of cultures with obtained by transferring a few macroresistance to either fungicide under most low-level resistance to iprodione (EC 5 0 -conidia from each bunch onto PDA. practical conditions (6, 10, 13, 21) . How-2-4 mg/ L) imported from Italy (To RV 4) These were illuminated for 10-14 days to ever, few experimental data have been (7) and Greece (A-3) (18). This served to induce sporulation for identification. presented on which to develop a fungicide establish a discriminatory concentration to Mycelial subcultures were made onto use strategy for B. cinerea. Our work test for the incidence of low-level PDA amended with benomyl at 10 mg/L examined the extent of benomyl and iproresistance among Ontario isolates. to test for benomyl resistance. The dione resistance in populations of B.
Dishes were poured with PDA (pH 5.6) number of applications of benomyl made cinerea within Ontario vineyards and amended when molten at 50 C with a during 1977-1979 was recorded for each greenhouses in relation to the frequency water suspension of iprodione (Rovral location. of use of these fungicides. It also 50WP) to give 11 concentrations of A second vineyard survey was conducted examined the efficacy of these fungicides iprodione from 0. and iprodione (0.38-0.75 kg/ha) were cations of benomyl during the previous for resistance to benomyl and iprodione applied with the hydraulic sprayer three seasons. The frequency ofbenomylby the 3-day mycelial growth test described previously. Programs consisted resistant isolates ranged from 17 to 83%. described earlier, of three early-season applications (timing At one location, benomyl had never been Vineyard fungicide experiments. Four 1-3) or three late-season applications used, but it had been applied eight times experiments (A-D) were conducted in (timing 4-6) or full programs of both since 1976 to a strawberry field 400 m 1980 on cultivars of V. vinifera to early-and late-season applications upwind in the direction of the prevailing determine the relative efficacies of (timing 1-6). The application dates winds. The association between benomyl iprodione, vinclozolin, and tank mixtures appear as a footnote to Table 2 . Sulfur (9 resistance and the number of applications of separately formulated benomyl or kg/ha) was applied biweekly to control of benomyl was not significant (P> 0.05) iprodione and captan (Captan 50WP) for powdery mildew. using an adjusted chi-square test for the prevention of Botrytis bunch rot. The On 25 July 1983, 20 clusters were independence(23). effects of fungicide programs of five collected from each replicate plot of the The choice of benomyl concentrations applications on the incidence of Botrytis check, captan, and early-season iprodione of I or 10 mg/ L in PDA as discriminatory bunch rot and of fungicide resistance programs. The clusters were arranged on concentrations for diagnosis of benomyl were studied.
wire screens in trays enclosed in sealed resistance was based on prior characterIn experiment A, the fungicides were polyethylene bags and incubated at high ization of the responses of cultures to applied with a Berthoud Vector 1500 humidity for 7 days at 20 C in darkness. benomyl. The mycelial growth of sensiairblast sprayer delivering 680 L/ ha with Ten isolates of B. cinerea were obtained tive cultures was abruptly reduced bea groundspeed of 4.5 km/hr to nonreplifrom clusters from each of the check and tween 0.01 and 0.1 mg/ L with an EC 50 of cated blocks (each 0.2 ha) of 8-yr-old iprodione-treated plots and were char-0.04 mg/ L. In contrast, the benomylJohannisberg Riesling vines planted at a acterized for resistance to iprodione at 2 resistant cultures were progressively inhibspacing of 1.8 X 2.6 m. Three other mg/L. During 27-30 September 1983, ited between 3 and 3,000 mg/ L with EC 50 experiments were conducted on Char-150 bunches per plot were examined on values between 10 and 100 mg/ L, and they donnay (experiments B and D) and Pinot the vine for Botrytis bunch rot with showed response curves similar to that Noir (experiment C), using randomized sporulation, and the incidence was exillustrated by Bollen and Scholten (3). complete block designs of three blocks pressed as the percentage of bunches infecEfficacy of benomyl plus captan. In and single-row plots of 10-12 vines ted. Thirty-two infected bunches were experiments C and D, a mixture of spaced at 1.9 X 2.9 m. Fungicides were removed from each plot and individually benomyl plus captan significantly (P = applied with an over-row hooded-boom enclosed in plastic bags to prevent cross-0.05) reduced the percentage of infected hydraulic sprayer driven at 3.3 km/hr, contamination. An isolation was made bunches relative to the check, but it was delivering 1,500 L/ ha at a line pressure of from each bunch onto PDA, and cultures less effective than iprodione (Table 1) . In 2,100 kPa. The rates of fungicides'used confirmed as B. cinerea were tested for experiments A and D, benomyl plus were benomyl at 0.7 kg/ha, iprodione resistance to iprodione at 2 mg/L. captan was not more effective than and vinclozolin at 0.75 kg/ ha, and captan captan alone, and the inefficacy of at 2.8 kg/ha. The application dates RESULTS benomyl was associated with a substantial appear as a footnote to (Fig. 1) . In contrast, the were nine to 14 times greater than those vinclozolin-treated plots, 51-54% of the linear mycelial growth of cultures with for sensitive cultures ( Table 3 ). The B. cinerea populations were resistant to low-level iprodione resistance increased regression coefficients (b) were signifibenomyl (Table 1) . None of the isolates 5-24% at 1.0 mg/ L relative to that on cantly (P= 0.01) lower and the intercepts was resistant to iprodione at 10 mg/L. unamended PDA, but it was inhibited on the Y axis (a) were significantly (P Responses of cultures to iprodione.
completely at 10 mg/L. The response 0.01) higher for the iprodione-sensitive The linear (radial) mycelial growth rates patterns of cultures from Ontario and cultures than for the iprodione-resistant on PDA of iprodione-sensitive cultures Europe were similar. Linear equations cultures (Table 3) . of B. cinerea from Ontario were 13. 4-13.7 fitted the data well with correlation A discriminatory concentration of (mean 13.5) mm/day. This contrasted coefficients (r = 0.86-0.92, 5-9 df) that iprodione at 2 mg/L in PDA was chosen with the lower growth rates of iprodionewere highly significant (P = 0.01). The for the diagnostic test for low-level resistant cultures from Ontario of calculated concentrations of iprodione resistance to iprodione. When mycelial 9.8-12.5 (mean 11.2) mm/day, and from that reduced mycelial growth by 50% growth on this medium was less than 20% Italy and Greece of 10.6 and 11.8 (mean (EC 5 0) for resistant isolates from Ontario of the growth on unamended PDA, the 11.2) mm/day, respectively. The mean were 2.43 and 3.55 mg/L. Values for the culture was considered iprodionemycelial growth rates of cultures with European cultures were 2.07 and 2.96 sensitive; when growth exceeded 20% on low-level resistance to iprodione were mg/ L (Table 3 ). These concentrations iprodione at 2 mg/ L but was less than equivalent to 83% of that of the were 14-36 times greater than those for 20% at 10 mg/ L relative to that on PDA, iprodione-sensitive cultures.
the iprodione-sensitive isolates from the culture was categorized as having low-level resistance to iprodione. Cultures that were inhibited less than 20% at 10 mg/ L were considered highly
I6
resistant to iprodione (15).
90
Surveys of vineyards and greenhouses, (Table 4) .
070
Each of the vineyards with resistant B. 0 cinerea had received at least 10 *applications of iprodione or vinclozolin either as commercial applications or as Z 50 small-plot experimental treatments. The (treatment every 7-10 days) or on an resistant (R-2, 0) to iprodione. Each data point corresponds to the mean of three replicates. The occasional basis (treatment less than once linear regression equations forthefitted linesare: S-2, Y= 100.9+ 64.1 (logX); R-2, Y= 13.5+ 94.3 per month) overa period of 5 yr( Table 5 ).
(log X). The calculated EC 50 and EC 90 points for each isolate are indicated as 0.
Iprodione-resistant B. cinerea was found ' Means in the same column followed by a different letter differ significantly (P = 0.05) according to Duncan's multiple range test. The association between iprodione-resistant 14 B. cinerea in vineyards and 10 or more 15 0 Never isolates from each replicate plot were applications of iprodione or vinclozolin: chiaThe association between the use of iprodione resistant to iprodione (mean of 47%).
square adjusted for continuity = 2.753 (P and the presence of iprodione-resistant B. Only 25% of the captan-treated clusters >0.05). cinerea was significant (P = 0.05) using an were infected, but this incidence was not adjusted chi-square test for independence. significantly different (P >0.05) from b Regular use = treatment every 7-10 days; that in the plots treated with iprodione.
program of six applications (1-6) of occasional use = treatment less than once per By late September, full programs of six iprodione had been used. The six-spray month during previous 5 yr. applications of iprodione or captan used programs of mixtures of iprodione and c Resistant isolates from newly imported stock. separately were only moderately effective captan applied at full rates (F) and half in reducing the incidence of Botrytis rates (H) resulted in 74 and 88% mixture of full rates (F) of captan and bunch rot to 38-41% from 81% in the resistance, respectively. These values check ( Table 2 ). The late-season use were not significantly different (P>0.05) iprodione had been used. The half-rates (timing 4-6) of iprodione, with or without from each other, but the incidence in the program (H) was less effective than the the early-season use (timing, 1-3) of full-rates mixture program (74%) was 11l-rates program but was marginally captan, also was moderately et, Jtive, but significantly (P-0.05) lower than that in better than programs involving the late the sole use of an early-season iprodione the complete six-spray program of season use of iprodione alone.
program was significantly worse. The iprodione alone (97%).
best protection was provided by the The incidence of bunches infected by DISCUSSION program of six applications of a mixture iprodione-resistant B. cinerea was The development of benomyl resistance of full rates of captan and iprodione, obtained by multiplying the individual within populations of B. cinerea in which reduced bunch rot to 22%.
replicate data of the percentage of Ontario vineyards occurred after seven or In September, the incidences of B.
bunches with Botrytis bunch rot by the fewer applications of benomyl, corncinerea resistant to iprodione were 5 and mean incidence of isolates resistant to parable to earlier observations in Europe 8% in the check and captan-treated plots, iprodione for the respective treatment (3, 20) . The widespread distribution of respectively (Table 2 ). Incidence was (Table 2 ). In the captan and check plots, 3 benzimidazole resistance in Ontario significantly greater (55%) after three and 5%, respectively, of bunches were vineyards and greenhouses has not been early-season applications (1-3) of infected by iprodione-resistant B. described previously. Its occurrence in a iprodione, and the incidence increased cinerea. In plots treated with iprodione vineyard not treated with benzimidazole further to 81-97% where three latealone, incidence was 3 1-37%, but it was fungicides parallels observations in Swiss season applications (4-6) or the complete significantly (P"" 0.05) less (16%) where a vineyards (20) and was explained either by the prior existence of resistant Ontario with low-level resistance to populations (4) or more probably by the iprodione produced macroconidia and 5. Dekker, J. 1976. Acquired resistance to spread of airborne resistant inoculum sclerotia abundantly, but the linear fungicides. Annu. Rev. Phytopathol. 14:405-428. 6. Delp, C. 1980 . Coping with resistance to plant from neighboring treated areas (19, 20 13. Levy, Y., Levi, R., and Cohen, Y. 1983 . Buildup and to the greater chance of detecting incidence of iprodione-resistant B. of a pathogen subpopulation resistant to a resistance with the greater number of cinerea compared with the iprodione systemic fungicide under various control bunches sampled.
program in a vineyard with a history of strategies: A flexible simulation model.
